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Comparison of the B72.3 murine and EU heavy
chain sequences reveals that the mouse and
human residues are identical at positions
23, 24, 71 and 78.

Thus the mutated CDR-grafted B72.3 heavy
chain corresponds to a preferred embodiment

of the present invention.
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EXAMPLIE 4
CDR-GRAFTING OF A MURINE ANTI-ICAM-1 MONOCLONAL ANTIBODY r
A murine antibody, R6-5-D6 (EP 0314863) having specificity
for Intercellular Adhesion Molecule 1 (ICAM-1) was ’

CDR-grafted substantially as described above in previous
examples. This work is described in greater detail in
co-pending application, British Patent Application No.

) 9009549.8, the disclosure of which is incorporated herein
by reference.
The human EU framework was used as the acceptor framework
for both heavy and light chains. The CDR-grafted
antibody currently of choice is provided by co-expression -
of grafted light chain gL221A and grafted heavy chain
gH341D which has a binding affinity for ICAM 1 of about
75% of that of the corresponding mouse-human chimeric
antibody. '
LIGHT CHAIN
gL221A has murine CDRs at positions 24-34 (CDR1), 50-56
(CDR2) and 89-97 (CDR3). In addition several framework
residues are also the murine amino acid. These residues

were chosen after consideration of the possible
contribution of these residues to domain packing and
stability of the conformation of the antigen binding
region. The residues which have been retained as mouse
are at positions 2, 3, 48 (?), 60, 84, 85 and 87.
Comparison of the murine anti-ICAM 1 and human EU light
chain amino acid sequences reveals that the murine and
human residues are identical at positions 46, 58 and 71.

HEAVY CHAIN

gH341D has murine CDRs at positions 26-35 (CDR1), 50-56 3
(CDR2) and94-100B (CDR3). In addition murine residues

were used in gH341D at positions 24, 48, 69, 71, 73, 80, 2

88 and 91. Comparison of the murine anti-ICAM 1 and
human EU heavy chain amino acid sequences are identical at
positions 23, 49 and 78.
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EXAMPLE 5

CDR-Grafting of murine anti-TNFA antibodies

A number of murine anti-TNF2 monoclonal antibodies were
CDR-grafted substantially as described above in previous
examples. These antibodies include the murine monoclonal
antibodies designated 61 E71, hTNF1l, hTNF3 and 101.4 A
brief summary of the CDR-grafting of each of these

antibodies is given below.

61E71

A similar analysis as described above (Example 1, Section
12.1.) was done for 61E71 and for thevheavy chain 10
residues were identified at 23, 24, 48, 49, 68, 69, 71,
73, 75 and 88 as residues to potentially retain as

murine. The human frameworks chosen for CDR-grafting of
this antibody, and the hTNF3 and 101.4 antibodies were RE1l
for the light chain and KOL for the heavy chain.

Three genes were built, the first of which contained 23,
24, 48, 49, 71 and 73 [gH341(6)] as murine residues. The
second gene also had 75 and 88 as murine residues
[gH341(8)] while the third gene additionally had 68, 69,
75 and 88 as murine residues [gH341(10)]. Each was
co-expressed with gL221, the minimum grafted light chain
(CDRs only). The gL221/gH341(6) and gL221/gH341(8)
antibodies both bound as well to TNF as murine 61E71.

The gL221/gH341(10) antibody did not express and this
combination was not taken further.

Subsequently the gL221/gH341(6) antibody was assessed in
an L929 cell competition assay in which the antibody
competes against the TNF receptor on L929 cells for
binding to TNF in solution. In this assay the
gL221/gH341(6) antibody was approximately 10% as active as

mirine 61E71.
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hTNF1
hTNF1l is a monoclonal antibody which recognises an epitope
on human TNF- . The EU human framework was used for s

CDR-grafting of both the heavy and light variable domains.

Heavy Chain

In the CDR-grafted heavy chain (ghTNF1l) mouse CDRs were
used at positions 26-35 (CDR1l), 50-65 (CDR2) and 95-102
(CDR3). Mouse residues were also used in the frameworks
at positions 48, 67, 69, 71, 73, 76, 89, 91, 94 and 108.
Comparison of the TNF1l mouse and EU human heavy chain

residues reveals that these are identical at positions 23,
24, 29 and 78.

Light Chain

In the CDR-grafted light chain (gLhTNF1) mouse CDRs wre
used at positions 24-34 (CDR1), 50-56 (CDR2) and 89-97
(CDR3). In addition mouse residues were used in the
frameworks at positions 3, 42, 48, 49, 83, 106 and 108.
Comparison of the hTNF1 mouse and EU human light chain

residues reveals that these are identical at positions 46,
58 and 71.

The grafted hTNF1l heavy chain was co-expressed with the
chimeric light chain and the binding ability of the
product compared with that of the chimeric light
chain/chimeric heavy chain product in a TNF binding assay.
The grafted heavy chain product appeared to have binding
ability for TNF slightly better than the fully chimeric
product.

Similarly, a grafted heavy chain/grafted light chain

product was co-expressed and compared with the fully E
chimeric product and found to have closely similar binding
properties to the latter product.

Regeneron Exhibit 1024.0404



WO 91/09967 PCT/GB90/02017

- 63 -

hTNF3
hTNF3 recognises an epitope on human TNF-(X. The
sequence of hTNF3 shows only 21 differences compared to
61E71 in the light and heavy chain variable regions, 10 in
the light chain (2 in the CDRs at positions 50, 96 and 8
in the framework at 1, 19, 40, 45, 46, 76, 103 and 106)
and 11 in the heavy chain (3 in the CDR regions at
positions 52, 60 and 95 and 8 in the framework at 1, 10,

~ 38, 40, 67, 73, 87 and 105). The light and heavy chains
of the 61E71 and hTNF3 chimeric antibodies can be
exchanged without loss of activity in the direct binding
assay. However 61E71 is an order of magnitude less able
to compete with the TNF receptor on L929 cells for TNF-a
compared to hTNF3. Based on the 61E71 CDR grafting data
gL22]1 and gH341(+23, 24, 48, 49 71 and 73 as mouse) genes
have been built for hTNF3 and tested and the resultant
grafted antibody binds well to TNF-a, but competes very
poorly in the L929 assay. It is possible that in this
case also the framework residues identified for OKT3
programme may improve the competitive binding ability of

this antibody.

101.4
101.4 is a further murine monoclonal antibody able to

recognise human TNF-a. The heavy chain of this antibody
shows good homology to KOL and so the CDR-grafting has
been based on REl for the light chain and KOL for the
heavy chain. Several grafted heavy chain genes have been
constructed with conservative choices for the CDR’s
(gH341) and which have one or a small number of non-CDR
residues at positions 73, 78 or 77-79 inclusive, as the
mouse amino acids. These have been co-~expressed with cL
or gL221. In all cases binding to TNF equivalent to the
chimeric antibody is seen and when co-expressed with cL
the resultant antibodies are able to compete well in the
L929 assay. However, with gL221 the resultant antibodies
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are at least an order of magnitude less able to compete
for TNF against the TNF receptor on L929 cells.

Mouse residues at other positions in the heavy chain, for
example, at 23 and 24 together or at 76 have been ' =
demonstrated to provide no improvement to the competitive
ability of the grafted antibody in the L929 assay.

A number of other antibodies including antibodies having
specificity for interleukins e.g. IL1 and cancer markers
such as carcinoembryonic antigen (CEBA) e.g. the monoclonal
antibody ASB7 (ref. 21), have been successfully
CDR-grafted according to the present invention.

It will be appreciated that the foregoing examples are
given by way of illustration only and are not intended to
limit the scope of the claimed invention. Changes and
modifications may be made to the methods described whilst
still falling within the spirit and scope of the invention.

Regeneron Exhibit 1024.0406



WO 91/09967 PCT/GB90/02017

- 65 =

References

1. Kohler & Milsteip, Nature, 265, 295-497, 1975.
2. Chatenoud et al, (1986), J. Immunol. 137, 830-838.
3. Jeffers et al, (1986), Transplantation, 41, 572-578.

4. Begent et al, Br. J. Cancer 62: 487 (1990).

5. - Verhoeyen et al, Science, 239, 1534-1536, 1988.
6. Riechmann et al, Nature, 332, 323-324, 1988.

7. Ka.bat, E-Ao' WI.I, T.T.' Reid-Miller' Mc’ Perry’ H.M.,
Gottesman, K.S., 1987, in Sequences of Proteins of
Immunological Interest, US Department of Health and

‘Human Services, NIH, USA.

8. Wu, T.T., and Kabat, E.A., 1970, J. Exp. Med. 132
211-250.

9. Queen et al, (1989), Proc. Natl. Acad. Sci. USA, 86,
10029-10033 and WO 90/07861

10. Maniatis et al, Molecular Cloning, Cold Spring
Harbor, New York, 1989.

11. Primrose and 0ld, Principles of Gene Manipulation,
Blackwell, Oxford, 1980.

12. Sanger, F., Nicklen, S., Coulson, A.R., 1977, Proc.
Natl. Acad. Sci. USA, 74 5463

Regeneron Exhibit 1024.0407



wo-91/o9967 ‘ ' , PCI/GB90/02017

- 66 -
13. Kramer, W., Drutsa, V., Jansen, H.-W., Kramer, B.,
Plugfelder, M., Fritz, H.-J., 1984, Nucl. Acids Res.
12, 9441 ' -
14. Whittle, N., Adair, J., Lloyd, J.C., Jenkins, E., .
Devine, J., Schlom, J., Raubitshek, A., Colcher, D.,

Bodmer, M., 1987, Protein Engineering 1, 499.

15. sikder, S.S., Akolkar, P.N., Kaledas, P.M., Morrison,
S.L., Kabat, E.A., 1985, J. Immunol. 135, 4215.

16. Wallick, S.C., Kabat, E.A., Morrisom, S.L., 1988,
J. Exp. Med. 168, 1099

17. Bebbington, C.R., Published International Patent
Application WO 89/01036.

'18. Granthan and Perrin 1986, Immunology Today 7, 160.
19. Kozak, M., 1987, J. Mol. Biol. 196, 947.

20. Jones, T.P., Dear, P.H., Foote, J., Neuberger, M.S.,
Winter, G., 1986, Nature, 321, 522

21. Harwood et al, Br. J. Cancer, 54, 75-82 (1986).

Regeneron Exhibit 1024.0408



WO 91/09967 PCT/GB90/02017

- 67 -

CLAIMS

1. A CDR-grafted antibody‘heavy chain having a variable
region domain comprising acceptor framework and donor
antigen binding regions wherein the framework
comprises donor residues at at least one of positions
6, 23 and/or 24, 48 and/or 49, 71 and/or 73, 75
and/or 76 and/or 78 and 88 and/or 91.

2. A CDR-grafted heavy chain according to Claim 1
comprising donor residues at positions 23, 24, 49,
71, 73 and 78, or at positions 23, 24 and 49.

3. A CDR-grafted heavy chain according to Claim 2
comprising donor residues at positions 2, 4, 6, 25,
36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 107.

4. A CDR-grafted heavy chain according to Claim 2 or 3,
comprising donor residues at one, some or all of
positions: '

1 and 3, A
69 (if 48 is different between donor and acceptor),

38 and 46 (if 48 is the donor residue),

67,

82 and 18 (if 67 is the donor residue),

91, and '

any one or more of 9, 11, 41, 87, 108, 110 and 112.

5. A CDR-grafted heavy chain according to any of the
preceding comprising donor CDRs at positions 26-35,

50-65 and 95-100.

6. A CDR-grafted antibody light chain having a variable
region domain comprising acceptor framework and: donor
antigen binding regions wherein the framework
comprises donor residues at at least one of positions
‘1 and/or 3 and 46 and/or 47. )
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7. A CDR-grafted light chain according to Claim 6
comprising donor residues at positions 46 and 47.

8. A CDR-grafted antibody light chain having a variable
region domain comprising acceptor framework and donor *
antigen binding regions wherein the framework
comprises donor residues at at least one of positions
46, 48, 58 and 71.

9. a CDR-grafted light chain according to Claim 8
comprising donor residues at positions 46, 48, 58 and
71.

10. A CDR-grafted light chain according to Claim 8 or 9,
comprising donor residues at positions 2, 4, 6, 35,
36, 38, 44, 47, 49, 62, 64-69, 85, 87, 98, 99, 101
and 102.

1l1. A CDR-grafted light chain according to Claim 9 or 10,
comprising donor residues at one, some or all of
positions:

1 and 3,

63,

60 (if 60 and 54 are able to form a potential
saltbridge),

70 (if 70 and 24 are able to form a potential
saltbridge),

73 an@*Zi (if 47 is different between donor and
acceptor),

37 and 45 (if 47 if different between donor and
acceptor), and :
any one or more of 10, 12, 40, 83, 103 and 105.

12. A CDR-grafted light chain according to any one of

Claims 6-11, comprising donor CDRs at positions
24-34, 50-56 and 89-97.
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13. A CDR-grafted antibody molecule comprising at least
one CDR-grafted heavy chain according to any one of
Claims 1-5 and at least one CDR-grafted light chain

according to any one of Claims 6-12.

14. A CDR-grafted antibody molecule according to Claim
13, which is a site-specific antibody molecule.

15. A CDR-grafted antibody molecule accbrding to Claim 13
which has specificity for an interleukin, hormone or
other biologically active compound or a receptor

therefor.

16. A CDR-grafted antibody heavy or light chain or
- molecule according to any one of the preceding claims
comprising human acceptor residues and non-human ‘

donor residues.

17. A DNA sequence which codes for a CDR-grafted heavy
chain according to Claim 1 or a CDR~-grafted light
chain according to Claim 6 or Claim 8.

18. A cloning or expression vector containing a DNA

sequence according to Claim 17.

19. A host cell transformed with a DNA sequence according
to Claim 17.

20. A process for the production of a CDR-grafted
antibody sequence according to Claim 17 in a
- transformed host cell.

2l1. A process for producing:a CDR-grafted antibody -

product comprising:
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(a) producing in an expression vector an operon
having a DNA sequence which encodes an antibody
heavy chain according to Claim 1;

and/or A

(b) producing in an expression vector an operon ’
having a DNA sequence which encodes a
complementary antibody light chain according to
Claim 6 or Claim 8;

(c) transfecting a host cell with the or each vector:;

and

(d) culturing the transfected cell line to produce
the CDR-grafted antibody product.

22. A therapeutic or diagnostic composition comprising a
CDR-grafted antibody heavy chain according to Claim
1, or a CDR-grafted light chain according to Claim 6
or Claim 8, or a CDR-grafted antibody molecule
according to Claim 13 in combination with a
pharmaceutically acceptable carrier, diluent or

excipient.

23. A method of therapy or diagnosis comprising
administering an effective amount of a CDR-grafted
heavy chain according to Claim 1, or a CDR-grafted
light chain according to Claim 6 or Claim 8, or a
CDR-grafted antibody molecule according to Claim 13
to a human or animal subject.
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REQUEST FOR RECTIFICATION UNDER PCT RULE 91.1(f)
Dear Sirs,

Re: International Patent Application No. PCT/GB90/02017

Celltech Limited et aj.

I refer to your Invitation issued on 14th January 1991. The required
Authorisations and Formal Drawings will be filed in due course.

In checking the application, it has become apparent that there are
three mistakes in the Request Form.

Firstly, ....

Secondly,..:.

Thirdly, for reasons which are not apparent, an old version of the
Request Form (PCT/RO/101 of July 1987) was used instead of the most
up-to-date version. As a result of this, some PCT states were not
designated although it was the Applicant's intention that all
possible states sh uld have been designated. As evidence of this,
I attach a copy of the information sheet which was given to me by
hand by the Applicant's Patent Manager on the date the application
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was filed. It can be seen that this clearly indicates that all
territories should have been designated.

I also enclose evidence that the out-of-date Request Form was used
inadvertently. At the same time as the present application was -
filed, I also filed two other PCT applications, Nos. PCT/GB90/02015
and PCT/GB90/02018. I enclose copies of the Request Forms for these

cases which, as you can see, are the most up-to—-date versions of the
forms. )

I therefore request that the Request Form be amended by adding
thereto the designations of Canada and Spain as national applications
and Greece, Spain and Denmark as designated states within the EPC
designation. I note that it will not be necessary to pay any extra
fees in respect of these inadvertently omitted designations.

In order to effect all these corrections, I enclose a retyped, up-
to-date (at the date of filing) Request Form and request that this
be substituted for the present, out-of-date Regquest Form.

Yours truly,

Q/\/\-’"‘E

e &

MERCER, Christopher Paul
Authorised Representative.
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GAATTCCCAA AGACAAAatg gattttcaag tgcagatttt cagcttectg
ctaatcagtg cctcagtcat aatatccaga ggacaaattg ttctcaccca

gtctccagca atcatgtctg
gcagtgccag ctcaagtgta
ggcacctccc ccaaaagatg
agtccctgcet cacttcaggg
caatcagcgyg catggaggct
tggagtagta acccattcac
ccgggctgat actgcaccaa
agttaacaté tggaggtgcc
cccaaagaca tcaatgtcaa
tggcgtecctg aacagttgga
gcatgagcag caccctcacg
agctatacct gtgaggccac
gagcttcaac aggaétgagt

CCAGCTCCCA GCTCCATCCT.

CCACAAGCGC tTACCACTGT
TCTCCTCCTC CTCCCTTTCC

catctccagg ggagaaggtc
agttacatga actggtacca
gatttatgac acatccaaac
gcagtgggtc tgggacctct
gaagatgctg ccacttatta
gttcggctcg gggacaaagt
ctgtatccat cttccecacca
tcagtcgtgt gcttcttgaa
gtggaagatt gatggcagtg
ctgatcagga cagcaaagac
ttgaccaagg acgagtatga
tcacaagaca tcaacttcac
gtTAGAGACA AAGGTCCTGA
ATCTTCCCTT CTAAGGTCTT
TGCGGTGCTC tAAACCTCCT

accatgacct
gcagaagtca
tggcttctgg
tactctctca
ctgccagcag
tggaaataaa
tccagtgagce
caacttctac
aacgacaaaa
agcacctaca
acgacataac
ccattgtcaa
GACGCCAcCcA
GGAGGCTTCC
CCCACCTCCT

TTGGCTTTTA TCATGCTAAT ATTTGCAGAA
AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA

Fig. 1(a)

MDFOVOIFSF LLISASVIIS RGQIVLTQSP AIMSASPGEK VTMTCSASSS
VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME
AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG
ASVVCFLNNF YPKDINVKWK IDGSERQNGV LNSWTDQDSK DSTYSMSSTL
TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC*

Fig. 1(b)

SUBS‘ﬁTUTE SHEET
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1 GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATGGAAAGGC

51 ACTGGATCTT TCTACTCCTG rJZ‘:'.!.‘GTCAGTAA CTGCAGGTGT CCACTCCCAG
101 GTCCAGCTGC AGCAGTCTGG GGCTGAACTG GCAAGACCTG GGGCCTCAGT
151 GAAGATGTCC TGCAAGGCTT CTGGCTACAC CTTTACTAGG TACACGATGC
201 ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGATACATT
251 AATCCTAGCC GTGGTTATAC TAATTACAAT CAGAAGTTCA AGGACAAGGC
301 CACATTGACT ACAGACAAAT CCTCCAGCAC AGCCTACATG CAACTGAGCA
351 GCCTGACATC TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATATTATGAT
401 GATCATTACT GCCTTGACTA CTGGGGCCAA GGCACCACTC TCACAGTCTC
451 CTCAGCCAAA ACAACAGCCC CATCGGTCTA TCCACTGGCC CCTGTGTGTG
501 GAGATACAAC TGGCTCCTCG GTGACTCTAG GATGCCTIGGT CAAGGGTTAT
551 TTCCCTGAGC CAGTGACCTT GACCTGGAAC TCTGGATCCC TGTCCAGTGG
601 TGTGCACACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCAGCA
651 GCTCAGTGAC TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC
701 AATGTGGCCC ACCCGGCAAG CAGCACCAAG GTGGACAAGA AAATTGAGCC
751 CAGAGGGCCC ACAATCAAGC CCTGTCCTCC ATGCAAATGC CCAGCACCTA
801 ACCTCTTGGG TGGACCATCC GTCTTCATCT TCCCTCCAAA GATCAAGGAT
851 GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGCTGTGG TGGTGGATGT
901 GAGCGAGGAT GACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACGTGG
951 AAGTACACAC AGCTCAGACA CAAACCCATA GAGAGGATTA CAACAGTACT
1001 CTCCGGGTGG TCAGTGCCCT CCCCATCCAG CACCAGGACT GGATGAGTGG
1051 CAAGGAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCGCCCATCG
1101 AGAGAACCAT CTCAAAACCC AAAGGGTCAG TAAGAGCTCC ACAGGTATAT
1151 GTCTTGCCTC CACCAGAAGA AGAGATGACT AAGAAACAGG TCACTCTGAC
1201 CTGCATGGTC ACAGACTTCA TGCCTGAAGA CATTTACGTG GAGTGGACCA
1251 ACAACGGGAA AACAGAGCTA AACTACAAGA ACACTGAACC AGTCCTGGAC
1301 TCTGATGGTT CTTACTTCAT GTACAGCAAG CTGAGAGTGG AAAAGAAGAA
1351 CTGGGTGGAA AGAAATAGCT ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC
1401 ACAATCACCA CACGACTAAG AGCTTCTCCC GGACTCCGGG TAAATGAGCT
1451 CAGCACCCAC AAAACTCTCA GGTCCAAAGA GACACCCACA CTCATCTCCA
1501 TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAA

1551 AAAAAAAAAA AAAGGAATTC

- Fig. 2(a)

SUBSTITUTE SHEET
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OKT 3 HEAVY CHAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE

1
51
101
151
201
251
301
351
401
451

RES TYPE
Okt3vl
REI

RES TYPE
okt3vl

REI

RES TYPE
Okt3vl
REIV1

MERHWIFLLI, LSVTAGVHSQ VQLQQSGAEL ARPGASVKMS CKASGYTFTR
YTMHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM
QLSSLTSEDS AVYYCARYYD DHYCLDYWGQ GTTLTVSSAK TTAPSVYPLA
PVCGDTTGSS VTLGCLVKGY FPEPVTLTWN SGSLSSGVHT FPAVLQSDLY
TLSSSVTVTS STWPSQSITC NVAHPASSTK VDKKIEPRGP TIKPCPPCKC
PAPNLLGGPS VFIFPPKIKD VIMISLSPIV TCVVVDVSED DPDVQISWFV
NNVEVHTAQT QTHREDYNST LRVVSALPIQ HQDWMSGKEF KCKVNNKDLP
APIERTISKP KGSVRAPQVY VLPPPEEEMT KKQVTLTCMV TDFMPEDIYV
EWTNNGKTEL NYRNTEPVID SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH

EGLHNHHTTK SFSRTPGK* Flg. Z(b)

1 23 . 42
NN N - N . N N

SBspSPESssBSbSsSssPSPSPsPSsse*s*p*Pi~ISsSe
QIVLTQSPAIMSASPGEKVTMTCSASS.SVSYMHWYQQKSGT
DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQOTPGK

2 2

H 4

CDR1
CDR1

(LOOP) kkkkdhk

(KABAT) kkkkhxkhhhk

56 85

N NN

*IsiPpleesesssSBEsePsPSBSSEsPspsPsseesSPePb
SPRKRWIYDTSKLASGVPAHEFRGSGSGTSYSLTISGMEAEDAAT
APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLOPEDIAT
? 2?7 ? ?

x%kkx*% CDR2 (LOOP/KABAT)

102 108
PiPIPies**iPIIsPPSPSPSS
YYCQOWSSNPFTFGSGTKLEINR
YYCQQYQSLPYTFGQGTKLQITR

.2 ?

CDR3 (LOOP)

Fig. 3

kkkkkk

ddkekkkkhkk

CRD3 (KABAT)
SUBSﬂTUTESHEE(

Regeneron Exhibit 1024.0417



WO 91/09967 ‘ PCT/GB90/02017

4115
NN N 23 26 32 35 N39 43
RES TYPE SESPs SBssS~sSSsSpSpSPsPSEbSBssBePiPlIpiesss
Okt3h QVQLOQSGAELARPGASVKMSCKASGYTFTRYTMHWVKQRPGQ
ROL OVQLVESGGGYVQPGRSLRLSCSSSGFIFSSYAMYWVRQAPGK
? 2?
*hdkkk CDR1 (LOOP)
**%%x* CDR1 (KABAT)
52a 60 65 NN N 82abc 89

RES TYPE ITelppp ssssssss” ps pSSsbSpseSsSseSp~ pSpsSBssS~ePb
okt3vh GLEWIGYINPSRGYTNTNQKFKQKATLTTDKSSSTAYMQLSSLTSEDSAV

KOL GLEWVAIIWDDGSDQHYADSVKGRFTISRDNSKNTLFIL.OMDSLREBEDTGV
?2? - 27?2 2 2 ?
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Okt3vh YYCARYYDDHY.......CLDYWGQGTTLTVSS

KOL YFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS
***************** CRD3 (KABAT/LQOP)

Fig. 4
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OKT 3 HEAVY CHAIN CDR GRAFTS

1. gh341 and derivatives

1 26 35 39 43
Okt3vh QVQLQOQSGAELARPGASVKMSCKASGYTFTRYTMHWVKQRPGQ
gH341 QVQLVESGGGVV! QPGRSLRLSCSSSGYTFTRYTMWVRQAPGK dJ. Ai 78
gH341A QVQLVQSGGGVVQPGRSLRLSCRKASGYTFTRYTMHWVRQAPGK JA185

gH341E QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA198
gH341* QVQLVQSGGGVVQPGRS LRLSCKASGYTFTRYTMHWVRQAPGK JA207
gH341* QVQLVQOSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA209
gH341D 'QVQLVQSGGGVVQPG_RSLRLSCKASGYTFTRYTI“IHWVRQAPGK JA197
.gH341* QVQLVQSGGGVV! QPGRSLRLSCWQAPGK JA199
gH341C QVQLVQOSGGGVVQPGRSLRLSCEKASGYTFTRYTMHWVRQAPGK JA184

gH341* QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK JA203

gH341* QVQLVESGGGVVOPGRSLRLSCSASGYTFTRYTMHWVRQAPGK JA205
gH341B QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK JA183
gH341* QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK JA204
gH341* QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVROAPGK JA206
gH341* QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK JA208
KOL QVOLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMYWVRQAPGK

Fig. 5(i)
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44 50 65 83
Okt3vh GLEWIGYINPSRGYTNYNQKFRDKATLTTDKSSSTAYMQLSSLT
gH341  GLEWVAYINPSRGYTNYNOKFKDRFTISRDNSKNTLFLOMDSLR JA178
gH341A GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR JA185

gH341E GLEWIGYINPSRGYTNYNQKVKQRFTISZDgSKgTéFLQMDSLR JA198
gH341* GLEWIGYINPSRGYTNYNQOKVKDRFTISTDRKSKNTAFLOMDSLR JA207
gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISRDNSKNTAFLOMDSLR JA209
gH341D GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKNTLFLOMDSLR JA197
gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISRDNSKNTLFLOMDSLR JA199
gH341C GLEWVAYINPSRGYTNYNOKFRKDRFTISRDNSKNTLFLOQMDSLR JA184 .

gH341* GLEWLIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR JA207
gH341*% GLEWIGYINPSRGYTNYNORVKDRFTISTIDKSKSTAFLOMDSLR JA205
gH341B GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLOMDSLR JA183
gH341* GLEWIGYINPSRGYTNYNORVKDRFTISTDKSKSTAFLOMDSLR JA204
gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLOMDSLR JA206
gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKNTAFLOMDSLR JA208
KOL AGLEWVAIIWDDGSDQHYADSVKGRFTISRDNSKNTLFLQMDSLR

Fig. 5(ii)
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84 95 102 113

Okt3vh  SEDSAVYYCARYYDDHY.......CLDYWGOGTTLTVSS
gH341  DPEDTGVYFCARYYDDHY....... CLDYWGQGTTLTVSS JA178
gH341A  PEDTAVYYCARYYDDHY....... CLDYWGQGTTLTVSS  JA185
GH341E PEDTGVYFCARYYDDHY....... CLDYWGQGTTLTVSS  JA198
gH341* PEDTGVYFCARYYDDHY....... CLDYWGQGTTLTVSS  JA207
gH341D PEDTGVYFCARYYDDHY....... CLDYWGQGTTLTVSS  JA197
gH341* PEDTGVYFCARYYDDHY....... CLDYWGQGTTLTVSS  JA209
gH341% PEDTGVYFCARYYDDHY...... .CLDYWGOGTTLTVSS  JA199
gH341C  PEDTGVYFCARYYDDHY..... . .CLDYWGQOGTTLTVSS  JA184
gH341*  PEDTAVYYCARYYDDHY....... CLDYWGQGTTLTVSS  JA203
gH341*  PEDTAVYYCARYYDDHY....... CLDYWGQGTTLTVSS  JA205
gH341B  PEDTAVYYCARYYDDHY.......CLDYWGQGTTLIVSS  JA183
gH341*  PEDTGVYFCARYYDDHY.......CLDYWGQGTTLTVSS  JA204
gH341*  PEDTGVYFCARYYDDHY.......CLDYWGQGTTLTVSS  JA206
gH341* PEDTGVYFCARYYDDHY..... . .CLDYWGQGTTLTVSS  JA208

KOL PEDTGVYFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS

Fig. 5(iii)
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OKT3 LIGHT CHAIN CDR GRAFTING

1. gL221 and derivatives

okt3vl
gL221
gL221A
gL221B
gL221C
REI

okt3vl
gL221
gL221A
gL221B
gL221C
REI

Okt3vl

gl221
gL221A
glL221B
gL221cC
RET

1 24 34 42
QIVLTQSPAIMSASPGEKVTMTCSASS . SVSYMNWYQQKSGT
DIQMTQSPSSLSASVGDRVTITCSASS. SVSYMNWYQQTPGK
QIVMTQSPSSLSASVGDRVTITCSASS . SUSYMNWYQQTPGK
QTVMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
DIOMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
DIQMTQSPSSLSASVGDRVITTCOASQDIIKYLNWYQOTPCK

43 50 56 85
SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAAT
APKLLIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKBQIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKBEIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKB&IYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLQPEDIAT

86 91 96 108
YYCQOWSSNPFTFGSGTKLEINR
YYCQOWSSNPFTFGQGTKLQITR
YYCQOWSSNPFTFGOGTKLQITR
YYCQOWSSNPFTFGQGTKLQITR
YYCQOWSSNPFTFGQOGTKIQITR
YYCQQYQSLPYTFGOGTKLQITR

CDR'S ARE UNDERLINED

FRAMEWORK RESIDUES INCLUDED IN THE GENE ARE DOUBLE
UNDERLINED

Fig. 6
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VASCULAR ENDOTHELIAL CELL GROWTH FACTOR ANTAGONISTS
Field of the invention

The present invention relates to vascular ndothelial cell growth factor (VEGF)
antagonists, to therapeutic compositions comprising the antagonists, and to methods of use
of the antagonists for diagnostic and therapémic purposes.

Background of the invention

The two major cellular components of the vasculature are the endothelial and smooth
muscle cells. The endothelial cells form the lining of the inner surface of all blood vessels,
and constitute a nonthrombogenic interface between blood and tissue. In addition,
endothelial cells are an important component for the development of new capillaries and blood
vessels. Thus, endothelial cells prolife;ate during the an‘gi‘o‘geﬁéé/ié, or neovascularization,
associated with tumor growth and metastasis, and a;é}iety of r;on-neoplastic diseases or
disorders.

Various naturally' occurring polypeptides reportedly induce the proliferation of
endothelial cells. Among those polypeptides are the basic and acidic fibroblast growth factors
(FGF), Burgess and Maciag, Annual Rev. Biochem., 58:575 (1989}, platelet-deriv.z
endothelial cell growth factor (PD-ECGF), Ishikawa, et al., Nature, 338:557 (1989), and
vascular endothelial growth factor (VEGF), Leung, et al., Science 246:1306 (1989); Ferrara '
& Henzel, Biochem. Biophys. Res. Commun. 161:851 (1989); Tischer, et al., Biochem.
Biophys. Res. Commun. 165:1198 {(1989); Ferrara, et al., PCT Pat. Pub. No. WO 90/13649
{published November 15, 1990); Ferrara, et al., U.S. Pat. App. No. 07/360,229.

VEGF was first identified in media conditioned by bovine pituitary follicular or
folliculostellate cells. Biochemical analyses indicate that bovine VEGF is a dimeric protein
with an apparenf,molecular mass of approximately 45,000 Daltons, and with an apparent
mitogenic specificity for vascular endothelial cells. DNA encoding bovine VEGF was isolated
by screening a cDNA library prepared from such cells, using oligonucleotides based on the
amino-terminal amino acid sequence of the protein as hybridization probes.

Human VEGF was obtained by first screening a cDNA library prepared from human
cells, using bovine VEGF cDNA as a hybridization probe. One cDNA identified thereby
encodes a 165-amino acid protein having greater than 95% homology to bovine VEGF, which -
protein is referred to as human VEGF (hVEGF). The mitogenic activity of human VEGF was
confirmed by expressing the human VEGF cDNA in mammalian host cells. Media conditioned
by cells transfected with the human VEGF cDNA promoted the proliferation of capillary
endothelial cells, whereas control cells did not. Leung, et al., Science 246:1306 (1989).

Several additional cDNAs were identified in human cDNA libraries that encode 121-,
189-, and 206-amino acid isoforms of hVEGF (also collectively referred to as hVEGF-related
proteins). The 121-amino acid protein differs from hVEGF by virtue of the deletion of the 44
amino acids between residues 116 and 159 in hVEGF. The 188-amino acid protein differs
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from hVEGF by virtue of the ins rtion of 24 amino acids at residue 116 in hVEGF, and
apparently is identical to human vascular permeability factor (hWPF). The 206-amino acid
protein differs from hVEGF by virtue of an insertion of 41 amino acids at residue 116 in
hVEGF. Hlouck, et al., Mol. Endocrin. 5:1806 {1991); Ferrara, gt al., J. Cell. Biochem.
5 47:211 (1991); Ferrara, et al., Endocrine Reviews 13:18 {1992); Keck, et al., Science
246:1309 {1989); Connolly, et al., J. Biol. Chem. 264:20017 (1989); Keck, et al., EPO Pat.

Pub. No. 0 370 989 {published May 30, 1980).
VEGF not only stimulates vascular endothelial cell proliferation, but also induces

vascular permeabilit\} and angiogenesis. Angiogenesis, which involves the formation of new

10 blood vessels from preexisting endothelium, is an important component of a variet, of
diseases and disorders including tumor growth and metastasis, rheumatoid arthritis, psoriasis,
atherosclerosis, diabetic retinopathy, retrolental fibroplasia, neovascular glaucoma,
hemangiomas, immune rejection of transplanted corneal tissue and other tissues, and chronic
inflammation.

15 In the case of tumor growth, angiogenesis appears to be crucial for the transition from
hyperplasia to neoplasia, and for providing nourishment to the growing solid tumor. Folkmz:,
et al., Nature 339:58 (1989). Angiogenesis also allows tumors to be in contact with the
vascular bed of the host, which may provide a route for metastasis of the tumor cells.
Evidence for the role of angiogenesis in tumor metastasis is provided, for example, by studies

20 showing a correlation between the number and density of microvessels in histologic sections
of invasive human breast carcinoma and actual presence of distant metastases. Weidner, et
al., New Engl. J. Med. 324:1 (1991).

In view of the role of vascuiar endothelial cell growth and angiogenesis, and the role
of those processes in many diseases and disorders, it is desirable to have a means of reducing

25 or inhibiting one or more of the biological effects of VEGF. It is also desirable to have a
means of assaying for the presence of VEGF in normal and pathological conditions, and
especially cancer.

Summary of the Invention
The present invention provides antagonists of VEGF, including (a} antibodies and

30 variants thereof which are capable of speciﬁcally.binding to hVEGF, hVEGF receptor, or a
complex comprising hVEGF in association with hVEGF receptor, (b) hVEGF receptor and
variants thereof, and {c} hVEGF variants. Ttg,e;amagonis/tjs;iim@jfthe mhogenié’,‘anjﬁbnioggpic7

S
or other biological activity of hVEGF, and thus are useful for the treatment of diseases or

disorders characterized by undesirable excessive neovascularization, including by way of -
35 examplemtumors,",and especially solid malignant tumors, rheumatoid arthritis, psoriasis,
atherosclerosns dlabetnc and other retinopathies, retrolental fibroplasia, neovascularwglauaﬁr\a, / .

hemangiomas, thyroid hyperplasias (including Grave's disease), corneal and other tissue

transplantation, and chronic inflammation. The antagonists also are useful for th treatment
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of diseases or disorders characterized by undesirable excessive vascular permeability, such
as edema associated with brain tumors, ascites associated with malignancies, Meigs’
syndrome, lung inflammation, nephrotic syndrome, pericardial ffusion (such as that
associated with pericarditis), and pleural effusion.

5 in other aspects, the VEGF antagonists are polyspecific monoclonal antibodies which
are capable of binding to (a) a non-hVEGF epitope, for example, an epitope of a protein
involved in thrombogenesis or thrombolysis, or a tumor cell surface antigen, and to (b}
hVEGF, hVEGF receptor, or a complex comprising hVEGF in association with hVEGF receptor.

in still other aspects, the VEGF antagdnists are COnjugated with a cytotoxic moiety.

10 In another aspect, the invention concerns isolated nucleic acids encoding tne
monoclonal antibodies as hereinbefore described, and hybridoma cell lines which produce
such monoclonal antibodies.

in another aspect, the invention concerns pharmaceutical compositions comprising a
VEGF antagonist in an amount effective in reducing or eliminating hVEGF-mediated mitogenic

15 or angiogenic activity in a mammal. )

In a different aspect, the invention concerns methods of treatment compris .5
administering to a mammal, preferably a human patient in need of such treatment, a
physiologically effective amount of a VEGF antagonist. If desired, the VEGF antagonist is
coadministered, either simultaneously or sequentially, with one or more other VEGF

20 antagonists or anti-tumor or anti-angiogenic substances.

In another aspect, the invention concerns a method for detecting hVEGF in a test
sample by means of contacting the test sample with an antibody capable of binding
specifically to hVEGF and determining the extent of such binding.

4 Brief Description of the Drawings
‘ 25 Figure 1 shows the effect of anti-hVEGF monoclonal antibodies {(A4.6.1 or B2.6.2) or
an irrelevant anti-hepatocyte growth factor antibody (anti-HGF) on the binding of the anti-
hVEGF monoclonal antibodies to hVEGF.

Figure 2 shows the effect of anti-hVEGF monoclonal antibodies (A4.6.1 or B2.6.2) or

an irrelevant anti-HGF antibody on the biological activity of hVEGF in cultures of bovine
30 adrenal cortex capillary endothelial (ACE) cells.

Figure 3 shows the effect of anti-hVEGF monocional antibodies (A4.6.1, B2.6.2, or
A2.6.1) on the binding of hVEGF to bovine ACE cells.

Figure 4 shows the effect of A4.6.1 anti-hVEGF monocional antibody treatment on the
rate of growth of growth of NEG55 tumors in mice.

35 Figure 5 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody treatment on the
size of NEG55 tumors in mice after five weeks of treatment.

Figure 6 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody {VEGF Ab)

treatment on the grth of SK-LMS-1 tumors in mice.
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Figure 7 shows the effect of varying doses of A4.6.1 anti-hVEGF monoclonal antibody
{VEGF Ab) treatment on the growth of A673 tumors in mic . is shown in
Figure 8 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody on the growth
and survival of NEG55 (G55) glioblastoma cells in culture.
5 Figure 9 shows the effect of A4.6.1 anti-hVEGF monoclonal antibody on the growth
and survival of A673 rhabdomyosarcoma cells in culture.
" Figure 10 shows the effect of A4.6.1 anti-hVEGF: monoclonal antibody on human

synovial fluid-induced chemotaxis of human endothelial cells.

10 Detailed Description of the Invention
The term "hVEGF" as used herein refers to the 165-amino acid human vascular

endothelial cell growth factor, and related 121-, 189-, and 206-amino acid vascular

endothelial cell growth factors, as described by Leung, et al., Science 246:1306 (1989), and

Houck, et al., Mol. Endocrin. 5:1806 (1991) together with the naturally occurring allelic and
15 processed forms of those growth factors.

The present invention provides antagonists of hVEGF which are capable of inhibii.- 5
one or more of the biological activities of hVEGF, for example, its mitogenic or angiogenic
activity. Antagonists of hVEGF act by interfering with the binding of hVEGF to a celiular
receptor, by incapacitating or killing cells which have been activated by hVEGF, or by

20 interfering with vascular endothelial cell activation after hVEGF binding to a cellular receptor.
All such points of intervention by an hVEGF antagonist shall be considered equivalent for
purposes of this invention. Thus, included within the scope of the invention are antibodics,
and preferably monoclonal antibodies, or fragments thereof, that bind to hVEGF, hVEGF
receptor, or a complex comprising hVEGF in association with hVEGF receptor. Also included

25 within the scope of the invention are fragments and amino acid sequence variants of hVEGF
that bind to hVEGF receptor but which do not exhibit a biological activity of native hVEGF.
Also included within the scope of the invention are hVEGF receptor and fragments and amino
acid sequence variants thereof which are capable of binding hVEGF.

The term "hVEGF receptor” or “hVEGFr® as used herein refers to a cellular for hVEGF,

30 ordinarily a cell-surface receptor found on vascular endothelial cells, as well as variants
thereof which retain the ability to bind hVEGF. Typically, the hVEGF receptors and variants
thereof that are hVEGF antagonists will be in isolated form, rather than being integrated into
a cell membrane or fixed to a cell surface as may be the case in nature. One example of a
hVEGF receptor is the fms-like tyrosine kinase (fit}, a transmembrane receptor in the tyrosine

35 kinase family. DeVries, et al., Science 255:989 {1992); Shibuya, et al., Oncogene 5:519
(1990). The fit receptor comprises an extracellular domain, a transmembrane domain, and
an intracellular domain with tyrosine kinase activity. The extracellular domain is involved in

the binding of hVEGF, whereas the intracellular domain is involved in signal transduction.
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Another xample fan hVEGF receptor is the flk-1 receptor (also referred to as KDR).
Matthews, et al., Proc. Nat. Acad. Sci. 88:9026 {1991); Terman, gt al., Oncogen 6:1677
{1991); Terman, et al., Biochem. Biophys. Res. Commun. 187:1579 (1992).

Binding of hVEGF to the fit receptor results in th formation of at least two high
molecular weight complexes, having apparént molecular weight of 205,000 and 300,000
Daitons. The 300,000 Dalton complex is believed to be a dimer comprising two receptor
molecules bound to a single molecule of hVEGF.

Variants of hVEGFr also are included within the scope hereof. Representative examples
include truncated forms of a receptor in which the transmembrane and cytoplasmic domains
are deleted from the receptor, and fusions proteins in which non-hVEGFr polymers or
polypeptides are conjugated to the hVEGFr or, preferably, truncated forms thereof. An
example of such a non-hVEGF polypeptide is an immunoglobulin. In that case, for example,
the extracellular domain of the hVEGFr is substituted for the Fv domain of an immunoglobulin
light or (preferably) heavy chain, with the C-terminus of the receptor extracellular domain
covalently joined to the amino terminus of the CH1, hinge, CH2 or other fragment of the
heavy chain. Such variants are made in the same fashion as known immunoadhesons. See -
e.q., Gascoigne, et al., Proc. Nat. Acad. Sci. 84:2936 {1987); Capon, etal., Nature 337:525
(1989); Aruffo, et al., Cell 61:1303 (1990); Ashkenazi, et al., Proc. Nat. Acad. Sci.
88:10535 {1991); Bennett, et al., J. Biol. Chem. 266:23060 (1991). In other embodiments,
the hVEGFr is conjugated to a non-proteinaceous polymer such as polyethylene glycol (PEG)
(see e.g., Davis, et al., U.S. Patent No. 4,179,337; Goodson, et al., BioTechnology 8:343-
346 (1990); Abuchowski, et al., J. Biol. Chem. 252:3578 {1877); Abuchowski, et al., J.
Biol. Chem. 252:3582 (1977)) or carbohydrates (see e.g., Marshall, et al., Arch. Biochem.
Biophys., 167:77 (1975)). This serves to extend the biological haif-life of the hVEGFr and
reduces the possibility that the receptor will be immunogenic in the mammal to which it is
administered. The hVEGFr is used in substantially the same fashion as antibodies to hVEGF,
taking into account the affinity of the antagonist and its valency for hVEGF.

The extracellular domain of hVEGF receptor, either by itself or fused to an
immunoglobulin polypeptide or other carrier polypeptide, is especially useful as an antagonist
of hVEGF, by virtue of its ability to sequester hVEGF that is present in a host but that is not
bound to hVEGFr on a cell surface.

hVEGFr and variants thereof also are useful in screening assays to identify agonists and
antagonists of hVEGF. For example, host cells transfected with DNA encoding hVEGFr (for
example, fit or flk1) overexpress the receptor polypeptide on the cell surface, making such
recombinant host cells ideally suited for analyzing the ability of a test compound (for example,
a small molecule, linear or cyclic peptide, or polypeptide} to bind to hVEGFr. hVEGFr and
hVEGFr fusion proteins, such as an hVEGFr-lgG fusion protein, may be used in a similar

fashion. For example, the fusion protein is bound to an immobilized support and the ability
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of a test compound t displace radiolabeled hVEGF from the hVEGFr domain of th fusion
protein is determined.

The term "recombinant™ used in reference to hVEGF, hVEGF receptor, monocional
antibodies, or other proteins, refers to proteins that are produced by recombinant DNA

5 expression in a host cell. The host cell may be prokaryotic {for example, a bacterial cell such
as E. coli) or eukaryotic (for example, a yeast or a mammalian cell).
Antagonist Monoclonal Antibodies

The term "monoclonal antibody™ as used herein refers to an antibody obtained from'

a population of substantially homogeneous antibodies, i.e., the individual antibodies
10 comprising the population are identical in specificity and affinity except for possible naturaliy

occurring mutations that may be present in minor amounts. It should be appreciated that as

a result of such naturally occurring mutations and the like, a monoclonal antibody composition

of the invention, which will predominantly contain antibodies capable of specifically binding

hVEGF, hVEGFr, or a complex comprising hVEGF in association with hVEGFr {"hVEGF-hVEGFr
15 complex”), may also contain minor amounts of other antibodies.

“ Thus, the modifier "monoclonal” indicates the character of the antibody as being .
obtained from such a substantially homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by any particular method. For example,
monoclonal antibodies of the invention may be made using the hybridoma method first

20 described by Kohler & Milstein, Nature 256:495 {1975), or may be made by recombinant
DNA methods. Cabilly, et al., U.S. Pat. No. 4,816,567.

In the hybridoma method, a mouse or other appropriate host animal is immunized with
antigen by subcutaneous, intraperitoneal, or intramuscular routes to elicit lymphocytes that
produce or are capable of producing antibodies that will specifically bind to the protein(s)

25 used for immunization. Alternatively, lymphocytes may be immunized in vitro. Lymphocytes
then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol,
to form a hybridoma cell. Goding; Monoclonal Antibodies: Principles and Practice, pp.58-103
(Academic Press, 1986). '

The an